The presence of heavy metal and antibiotic resistance bacteria in the marine sediment may indicate heavy metal pollution and antibiotic abuse present in the environment. In this study, a total of 89 bacteria isolated from sediment collected in Teluk Chempedak and Pantai Batu Hitam of Pahang coastal water underwent heavy metal resistance test against Chromium, Cadmium, Nickel, Copper and Cobalt. Previously, these isolates were found to exhibit antibiotic resistance capabilities to at least 5 antibiotics tested. Heavy metal resistance pattern for isolates from Teluk Chempedak was in the form of Cr > Ni >Co >Cd = Cu while for isolates from Pantai Batu Hitam showed a pattern of Cr = Ni >Co >Cu >Cd. Further investigation on the identity of selected isolates that exhibited both antibiotic and heavy metals resistance capabilities using 16S rRNA gene sequences revealed isolates with closest similarities to Staphylococcus saprophyticus and Brevundimonas vesicularis..
INTRODUCTION
Extremely dangerous and toxic heavy metals can disrupt ecological activities in the aquatic environment and exposure of excessive heavy metals may cause contaminated sediments [1] . Heavy metals can lead to degradation of marine ecosystems by decreasing species variety over accretion of metals in living animals and food chains [2] . Moreover, human activities also contributed to the deposition of heavy metals in the environment the condition is worsened by accumulation through food sources and finally lead to serious health and ecological problems [3] . Heavy metals can be discharged into the marine environment through many ways such as industries, wastewaters, and domestic effluents [4] . The effects of heavy metal into the environment however, will depend on its concentration and accessibility of metals.
Heavy metals (Fe, Zn, Mn, Co, Cu, Ni, V, Mo) are essential micronutrients for bacteria because they are incorporated into enzymes and cofactors. However, high concentrations of these heavy metals are toxic due to binding of the metals to enzymes and DNA and also the production of oxygen radicals through Fenton reactions [5] . Microbial metal resistance mechanisms include the precipitation of metals as phosphates, carbonates and sulphides; metal volatilization through methyl or ethyl group addition; physical exclusion by electronegative components in membranes and exopolymers; energy-dependent metal efflux systems; and intracellular sequestration with low molecular weight, cysteine-rich proteins [6] .
Reports on the incidence of antibiotic and heavy metal resistance bacteria in aquatic environments were found to be increasing worldwide annually [7] [8] [9] [10] . Such reports are alarming because they indicate potential risk and threats to the marine ecosystem as well to the human health. This study focused on two locations Teluk Chempedak and Pantai Batu Hitam, both of which are popular as tourist attraction in Pahang. This study aimed to assess the antibiotic and heavy metal resistance bacteria present in the marine sediment associated with both locations.
MATERIALS AND METHODS

Bacterial Isolates
In total 89 bacterial isolates from marine sediment collected at Teluk Chempedak (N 03' 48.650 E 103' 22.573) and Pantai Batu Hitam (N 03' 53.115 E 103' 22.283) were used in this study. Previously, antibiotic susceptibility test was conducted on all isolates against 10 antibioticsvancomycin, tetracycline, streptomycin, penicillin G, ampicillin, rifampicin, polymyxin, chloramphenicol, erythromycin and gentamicin [11] .
Determination of the minimal inhibitory concentration (MIC) of heavy metals
The heavy metal resistance of the strains was determined using MuellerHinton agar (MHA) supplemented with various concentrations of five different heavy metals (Cd 2+ , Cu 2+ , Cu 2+ , Co 2+ , Ni 2+ ) in the form of chloride salts. Initial concentration of the heavy metal was at 20 μg/ml and the concentration of the heavy metals was gradually increased at 10 μg/ml until the isolates failed to grow.
Identification of isolates using 16S rRNA gene sequence
PCR amplification of 16S rRNA gene were done using the following set of primers: 27F 5'-AGAGTTTGATCCTGGCTCTCAG-3' and 1492R 5'-GGTTACCTTGTTACGACTT-3'. The PCR reactions were performed in a final volume of 50 μl which consist of 200 ng DNA template, 25 μl of MyTaq™ Mix 2X (Bioline, UK) and 0.4 μM primers under the following conditions: initial denaturation at 94 ⁰C for 5 min, followed by 30 cycles of 94 ⁰C for 30 s, 55 ⁰C for 60 s and 72 ⁰C for 4 min; and extension step at 72 ⁰C for 10 min. The amplification products were confirmed using 1% agarose gel and sent to 1 st Base Laboratory, Malaysia for purification and sequencing. The resultant 16S rRNA gene sequences were manually verified and edited using BioEdit Sequence Alignment Editor. The partial nucleotide sequences analyses of the isolates were carried out via GenBank BLASTn (http://www.ncbi.mlm.nih.gov) search tool.
RESULTS AND DISCUSSION
The susceptibility to five heavy metals (Cd +2 , Cr +3 , Cu +2 , Co +2 and Ni +2 ) at a range of concentrations was recorded for all isolates for both locations as in Table 1 and Table 2 . Isolates from Pantai Batu Hitam showed a higher resistance to chromium, nickel and cobalt whereas isolates from Teluk Chempedak showed a higher resistance to chromium in particular. Teluk
Chempedak isolates were found to be more susceptible to cadmium and copper at MIC range of 50-100 μg/ml. Interestingly, almost all isolates from Pantai Batu Hitam displayed high resistance to both chromium and nickel with MIC > 500 μg/ml and half of the isolates showed high resistance to both copper and cobalt with similar MIC. The resistance pattern associated with Teluk Chempedak and Pantai Batu Hitam were Cr > Ni >Co >Cd = Cu and Cr = Ni >Co >Cu >Cd respectively. Table 3 depicts selected isolates from both location that exhibited both antibiotic and heavy metal resistance capabilities. Isolate TC 46 was resistant to 8 antibiotics and resistant to chromium, cadmium and cobalt with MIC range of 350-400 μg/ml while TC 48 was resistant to 7 antibiotics and resistant to chromium, cadmium and cobalt with MIC of 450 μg/ml. TC50, however, was resistant to 7 antibiotics and resistant to chromium and cadmium with MIC >500 μg/ml and MIC for cobalt of 450 μg/ml. Isolates BH 45 and BH 50 were resistant to 7 antibiotics and all were highly resistant to chromium, nickel, copper and cobalt with MIC > 450 μg/ml. Similar results was also obtained on isolate 6 that was resistant to 8 antibiotics. The genes encoding resistance to heavy metals can be located together with antibiotic resistance genes on either the same genetic structure or different genetic structures within the same bacterial strain Metal and antibiotic resistances are the most common features that bacteria gain due to the abuse of metals and/or antibiotic [12] . Recent studies have suggested that the presence of metal contamination in natural environments could play a role in the maintenance and proliferation of antibiotic resistance [13, 14] .
The 16S rRNA gene sequence analysis of isolate TC 50 revealed that it has the closest relationship to Staphylococcus saprophyticus ATC 15305 (100 %), while isolate BH 50 possess the closest relationship with 99 % similarity to Brevundimonas vesicularis IAM 12105. S. saprophyticus is a gram-positive coccus commonly found in urine specimen and a common cause of urinary tract infection. Reports on multiple antibiotic resistant S. saprophyticus were mostly related to clinical isolates from hospitals but none from the marine environment [15] . High number of tourists in Teluk Chempedak might implicate to high volume of waste water (excrete products, urine) discharged into the marine environment and which eventually led to its residing in the marine sediment. Additionally, there was no report on S. saprophyticus to possess both antibiotic and heavy metal resistant capabilities. Hence, this is the the first report of such incidence. Meanwhile, B. vesicularis can be isolated from the human end cervix, natural soil environments, bottled water and hospital environments [16] . This bacterium can cause arthritis, endocarditis, meningitis and primary bloodstream infection in immunocompromised as well as immunocompetent patient [17] . Similar to S. saprophyticus, reports on B. vesicularis were mostly on its multiple antibiotic resistance ability but none on the heavy metal resistant ability. Hence, this is the the first report of such incidence for both S. saprophyticus and B. vesicularis. Results obtained in this study indicated the possibility of marine environments of Teluk Chempedak and Pantai Batu Hitam were of poor microbiological quality which has led to bacterial isolates to gain resistance against several antibiotic agents and together with high numbers of heavy metal resistant bacteria could be the result of agrochemical and industrial pollution. 
CONCLUSION
In conclusion, the occurrence of antibiotic and heavy metal resistant bacteria in Pahang coastal water indicated the impact of human activities on the marine environment which constituting a risk to the public health and pose a threat to the marine ecosystem. In addition, marine sediment in both locations probably represents a reservoir of multiresistant genetic elements which bacteria can attain through horizontal gene transfer.
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